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The VERITAS Observatory

Located at Fred Lawrence Whipple Observatory, AZ
Energy Range 85 GeV to > 30 TeV,
PMT Camera (~40% QE), FoV 3.5°
3 Level Trigger
Upgraded twice:
P telescope relocation
® PMT upgrade and trigger upgrade
> High duty cycle
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Gamma-Ray Binaries
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P Massive star (O/Be) in eccentric orbit around
compact objects (Black Holes or Neutron Stars)

> TeV, GeV & X-ray variability mostly modulated by
orbital periods

> Similar spectral energy distributions peaking above
s e 1 GeV .




Gamma-Ray

Dec [deg]
®

HESS J1303-631

t

=)
Significance [c]

&
-
fi
PSR B1259-63 .
HESS J1826-148

3EG J1824-1514

13h20m 13h10m 13h00m 12h50m

RA [hours]

PSR B1259-63 LS 5039
F. Aharonian et al 2005 F. Aharonianf="

175 17 16.5

16
I (deg)

Binaries

HESS J1018-589

®=[04,0.7]

(J2000)

Declination

LS 1461 303 0550

Smoothed excess

0545’

0540

06"33"30°

06"33"00° 06"32m30° 10"20™ 10™8"™
2"45™ RA

HESS J0632+057

2"40™ 2"35™

LS | +61 303

o 10Me™,
Right Ascension (J2000)

1FGL J1018.6+5856

> Massive star (Of
(Black Holes or

PUIsar Wind Binaries
ike PSR B1259-63

12012

cts

~ I’
Shocked
ellar

Spherical
stellar wind

Stellar photon
field




Dec [deg]

February
2004

13h20m

PSR B1259-63

CEUORDA ZOHADZHCOMS

Gamma-Ray Binaries

HESS J1303-631 HESS J1825-137

} s £
« ’ : = AN

- - P B1s%1\4

)
LS 5039 /
7
HE§SJJ 26—12;\

Significance [c]

PSR B1259-63

13h10m 13h00m 12h50m

16
RA [hours] 1 (deg)

LS 5039

Microquasars
like SS433

19898+05 1464 988 MHZ

Number of excess events

2"50™

®=[0.4,07]

LS| +61 303

06"33"30°

2"45™ 240" 2"35™

LS | +61 303

Companion star

|

Ultraviolet and

optical emission

19 14 (-]
RIGHT ASCENSION (E1958)>
PEAK = ©.9992E+88 JY/EEAM

IMNAME= WS@-LEAND.E1950.1

MILLIJYZEEAM

HESS J0632+057

Declination (J2000)

06"33"00° 06"32m30° 10"20™
RA

Relativistic jets

Compact object
of center

Accretion disk

y-rays

HESS J1018-589

Smoothed excess

10M8™ _ 10Me™
Right Ascension (J2000)

1FGL J1018.6+5856




LST+61303

2006-2007 I Ppaston

1.08 0.775

¢=0'1 ad

declination ., [deg]
significance [c]

'
;7 10-20% Crab

/ Periast

,’ N 0.1A
b I ¢(TG) =
\ s 0.275
\ ‘ 0.313
S l AN l e harver Aragona et al
<|> =0.275 02"50™ 020"  023Q" (ApJ 2009)

right ascension [hours]
J2000

2 Be star + compact object at ~2 kpc
2 26.5 day orbit; unknown inclination
2 1667 day super-orbital modulation
2 high X-ray activity
orbital, super-orbital variability & magnetar-like flares (e.g. Smith et al 2009)
2 extended radio emission throughout orbit (Dhwawan 2006)
GeV flux modulated by orbital and super-orbital period (LAT 2013)
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Light Curve of LS I +61 303 (2014-2015)
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2 Flux upper limit at 99% confidence level for data points < 3o

2 X-Ray flare between ¢ = 0.35 to ¢ = 0.75 modulated by super-orbital period

U 2 TeV flare between ¢ = 0.55t0 ¢ = 0.65




Light Curve of LS 1 +61 303
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Correlation Studies

2 Archival data had no correlation

ZPreviously correlation seen b
MAGIC iny2007 : 2 Lack of any correlation

&Pearson correlation coefficient for > Pearson correlation coefficient for

+0.36
GeV and TeV fluxes 0.071
X-Ray and TeV fluxes 0.80+%-12 -0.39
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VERITAS & Fermi-LA1 SEDs
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P GeV is fitted with Power Law with

exponential cutoff. at ~5 GeV
> Missing emission in 10GeV-300 GeV
U > TeV spectra fits well with Power Law




HESS JO632—|—O57 ‘t=8.507 (—158.3d)

»Be star (MWC 148; 16 Mo) +

compact object at ~1.6 kpc
>Period ~315 days
»Discovered in Gamma-rays
> serendipitous discovery by Npr= D
HESS (~3% Crab Nebula flux)
> |dentified as variable source by
VERITAS
> observations by HESS, MAGIC
and VERITAS (2004-2015)
P binary nature shown with Swift-XRT
observations
e orbital parameters determined by
X-ray and optical observations

e 12 degrees ———————>
B o

Variable Galactic Gamma Ray Sources, Heidelberg, May 2015

U HESS J0632+057 Simulation from Okazaki A.T. et al.



HESS J0632+057: X-ray Light Curve
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HESS J0632+057: TeV Light Curve %
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HESS J0632+057: TeV Light Curve %
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orbital

GeV/
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VERI'TAS Binary Observation Program
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Summary

2 Long-term monitoring of HESS J0632+057
2 clear detection of second peak (phases 0.7-0.8) with 7.2 ¢
2 Complex variability in LS | +61 303

2 bright flare of LS | +61 303 in Autumn 2014 with day-scale
variability

2 X-Ray and TeV emission appears correlated but not with GeV

2 VERITAS binary discovery program

2> systematic search for gamma-ray emission from O/Be-X-ray
binary systems

Zfiller observing program
2 TeV J2032 may be observed during 2017/2018
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